Background and objectives Pregnant women with chronic kidney disease (CKD) are at risk of adverse maternal and fetal outcomes. We conducted a systematic review of observational studies that described this risk.
Introduction
Recent guidelines stage chronic kidney disease (CKD) according to levels of kidney function irrespective of the type of kidney disease (1) . Pregnancy in women with CKD is considered high risk (2, 3) . Diseased kidneys may be unable to adapt to the normal physiologic changes of pregnancy leading to perinatal complications (4, 5) . Knowledge of this risk guides patient counseling and follow-up. Although a number of observational studies have shown that women with CKD have an increased risk of developing adverse maternal and fetal outcomes, a robust synthesis of this information is lacking (2,6 -13) . We conducted this systematic review to determine the following: (1) the risk of adverse maternal outcomes in women with CKD compared with women without CKD (comparator group) and (2) the risk of adverse fetal outcomes comparing the two groups of women.
Materials and Methods
We conducted and reported this systematic review according to published guidelines using a prespecified protocol (14, 15) .
Eligibility Criteria
We included any observational study that reported maternal or fetal outcomes in five or more pregnant women with CKD and five or more pregnant women without CKD as a comparator group. Primary studies defined CKD as any of the following: abnormal serum creatinine/abnormal GFR and/or proteinuria with a specific primary or secondary kidney disease. The comparator group consisted of women without CKD and these women may or may not have had other comorbidities (such as diabetes mellitus or systemic lupus erythematosus). Adverse maternal outcomes were as defined by the primary study authors and included gestational hypertension, pre-eclampsia, eclampsia, and maternal mortality. Adverse fetal outcomes included premature births, intrauterine growth restriction (IUGR), small for gestational age (SGA), neonatal mortality, stillbirths, and low birth weight. We included full text papers and abstracts published in any language that reported at least one outcome of interest. We excluded studies of women with CKD with a history of kidney transplantation or mainte-nance dialysis, as well as studies of women with acute kidney injury or a single kidney.
Information Sources
We designed and implemented a systematic literature search with the help of an experienced librarian. We searched the following electronic databases from the date of inception up to June 2010: MEDLINE and PreMedline (OVID, 1966 , and specialty search engines Google Scholar and Elsevier's Scirus. The search strategy included a combination of key words and MeSH terms and was adapted for each database to account for differences in indexing. We imposed no language restrictions or other limits in the search process. We also searched gray literature sources (nephrology conference proceedings and Web of Science database) and conference abstracts. We conducted citation tracking using SCOPUS and the ISI Science Citation Index, and used related articles features in PubMed, OVID, Elsevier's Scirus, and Google Scholar.
Study Selection
Two reviewers (I.F.N., A.R.) independently screened titles and abstracts. We retrieved the full text for any article considered potentially relevant by at least one reviewer. To ensure accuracy, two reviewers then independently screened full texts articles for inclusion in this review. We resolved disagreements by discussion or with the help of a third reviewer (A.D.). We reviewed all non-English citations with the help of translators.
Data Abstraction and Analysis
Two reviewers (I.F.N., A.R.) independently abstracted data using a standardized form that proved robust in pilot testing. This was done in duplicate to increase accuracy and reduce measurement bias (16) . We resolved any disagreements with the help of a third reviewer (A.D.). We abstracted the following data: (1) study characteristics such as year of publication, country where study was conducted, study design, sample size, year of study, and funding sources; (2) methodological characteristics such as definitions of CKD and outcomes used, whether confounding variables were accounted for in the study, and whether the studies reported loss to follow-up; (3) patient characteristics including the number of women and pregnancies in each group, mean age, race, and whether the control group was normal healthy women or women with other comorbidities but normal kidney function; and (4) the number of adverse events (both individual and as a composite) and any adjusted measures of association. Finally, we contacted the authors of the studies included in the review for any missing data. We assessed agreement between two reviewers using the statistic. Kappa was calculated for full text eligibility (17) . We entered all data into Review Manager Version 5 (18) .
Results

Study Selection
We screened and evaluated 4917 citations and assessed 156 full text articles for eligibility. The chance-corrected agreement for full text eligibility was good (estimated ϭ 0.88). We excluded 104 studies because they had no comparator group, 30 were reviews, five had no outcomes of interest, two had no useable data, and two studies included women with acute kidney injury (Figure 1) . Thirteen studies were eligible for review (2,7,8,12,19 -27) . Twelve of the 13 studies described maternal outcomes and all 13 reported at least one fetal outcome of interest. We contacted six primary authors and two confirmed or provided additional data (20, 25) .
Description of Studies, Methods, and Participants
Thirteen studies from seven countries reported at least one outcome of interest and followed a total of 28,917 pregnancies of whom 26, 192 (range 8 to 20,034 across studies) had normal kidney function and 2725 (range 7 to 1257 across studies) had CKD (2,7,8,12,19 -24,26,27) ( Table 1 ). Most studies were done in North America (n ϭ 7), followed by Europe (n ϭ 3), Japan (n ϭ 2), and South America (n ϭ 1). Of the 13 studies, eight provided a definition for CKD (8,12,20,22,24 -27) , two identified CKD through medical coding (2, 19) , and two defined their CKD population through kidney biopsy (21, 23) . One study did not report their definition of CKD (7) . Many of the studies did not provide a clear definition of the maternal outcomes studied (2,7,19 -21,26,27) . Some women with CKD had a history of hypertension or proteinuria before pregnancy, which may have influenced the ascertainment of outcomes such as pre-eclampsia (2, 7, 19, 21, 26, 27) . Seven studies had a control group of normal healthy women (2, 7, 19, 22, 23, 25, 27) and the remaining six studies had a control group of women with other comorbidities but with normal kidney function (8, 12, 20, 21, 24, 26) . These comorbidities included diabetes mellitus, hypertension in patients with IgA nephropathy, and lupus nephritis (all with normal kidney function as defined by the primary authors). Two large retrospective studies included over 25,000 pregnancies (2,7). The first of these studies included approximately 21,000 pregnancies but did not define CKD or account for other variables that may have confounded the relationship between CKD and outcome (7) . The other large retrospective cohort study used an administrative database (2) . Of the 13 studies, seven collected data prospectively (8, 12, 20, (23) (24) (25) (26) and six used pre-existing data from health records (2, 7, 19, 21, 22, 27) . Seven studies accounted for potential confounding factors such as maternal age, parity, race, socioeconomic status, diabetes status, trimester of first antenatal visit, smoking, year of delivery, marital status, place of childbirth, hospital, attending clinician, maternal education, alcohol use, medication used during the study period, and early antenatal referral (2, 8, 19, 20, 22, 25, 27) . Of the seven studies, three studies used matching to control for confounding (19, 22, 27) whereas the remaining adjusted for potential confounders in multivariable analysis (2, 8, 20, 25) (Table 1 ). Loss to follow-up was reported in only one study and was Ͻ5% (25).
The mean age of women included in the studies was 28 years. In studies where race was reported, more than half of the women were white (2, 8, 19, 22, 25, 27) (Tables 2 and 3) . Serum creatinine levels were reported in five studies and ranged from 0.8 to 4.61 mg/dl (70 to 407 mol/L) in women with CKD (8, 20, 22, 24, 27) . All studies except four reported outcomes on singleton pregnancies (7, 21, 23, 26) . One study included a small percentage of women (5%) who had acute glomerulonephritis/acute renal failure (19) . Another study included a small percentage of renal transplant patients (Ͻ1%) (25) . We included these studies in the review as we deemed these numbers of ineligible women to be too small to have a significant influence on the results obtained.
Adverse Maternal Outcomes
Twelve studies reported adverse maternal outcomes including gestational hypertension, pre-eclampsia, eclampsia, and maternal mortality ( Figure 2 , Table 4 ). Most studies demonstrated at least a twofold increase in the risk of adverse maternal outcomes in women with CKD compared with those without (Figure 2 ). The overall adverse maternal events were fivefold higher in women with CKD compared with women without CKD. There were 312 adverse events among 2682 pregnancies in women with CKD (weighted average 11.5%) compared with 500 events in 26,149 pregnancies in women with no CKD (weighted average 2%). Two studies each followed over 5000 women with CKD and non-CKD groups combined (2,7). All studies except one reported hypertensive disorders of pregnancy (7).
Adverse Fetal Outcomes
Fetal outcomes of interest such as premature births, IUGR, SGA, neonatal mortality, stillbirths, and low birth weight were variably defined and reported in the studies (2, 8, 12, 19, 20, (22) (23) (24) (25) (26) (27) (Table 4) . Nine studies reported premature births (7, 8, 12, 19, 21, 22, 24, 26) . Premature birth was defined as birth Ͻ34 weeks of gestation (12, 24) , Ͻ36 weeks of gestation (8) , and Ͻ37 weeks of gestation (19, 20, 22) , and was not defined in three of the studies (7, 21, 26) . In one study, premature birth was defined as birth Ͻ37 weeks as a component in a composite outcome (2) . All nine studies reported 229 premature births among 1760 pregnancies were excluded from the study. were excluded from the study.
(weighted average 13%) in women with CKD, and 1290 among 21,195 pregnancies (weighted average 6%) of women with no kidney disease. Compared with controls, the incidence of premature birth in women with CKD was consistently higher across all nine studies (and was statistically different in most studies). Compared with controls, the risk of IUGR in women with CKD was observed to be five times higher in one study (8) and the risk of SGA at least threefold higher in two studies (12, 26) . The risk of neonatal mortality was fivefold higher in two studies (8, 26) , the risk of stillbirth was ninefold higher in one study (27) , and the risk of low birth weight was fivefold higher in one study (26) . However, the total number of events in many studies was small, and the results across studies were not consistent (Table 4) .
Discussion
Over the past 4 decades, 13 studies have described the association between CKD and adverse maternal and fetal outcomes with the use of an internal comparator group. Women with CKD appear to have at least a twofold higher risk of developing adverse maternal outcomes compared with women without CKD. Similarly, premature births occurred at least twice as often in women with CKD compared with women without CKD. However, these data are derived mostly from small studies performed in a single center and the studies were overall of low methodological quality. Definitions of CKD were quite variable and many studies did not report the most meaningful outcome such as maternal mortality. Although there is consensus that women with CKD have a higher risk of adverse maternal and fetal outcomes compared with women without CKD, the magnitude of this risk is not clear. There is also no clear evidence as to the degree of risk at various stages of CKD, information needed for informed consent in women considering the risk benefits of pregnancy. These results provide an impetus for future high-quality, large multicenter studies of pregnancy outcomes to better quantify risks in women with CKD (recognizing the time, effort, and funding involved in such studies). There is a need to characterize the risk associated with low renal function separately from the comorbid conditions that can occur with CKD which also modify risk.
Our review has a number of strengths. It is the first systematic review and complements previous narrative reviews on this topic (28, 29) . Many of the previous narrative reviews did not include studies with an internal comparator group (6). We also identified two additional studies not included in previous reviews (20, 25) . We did a comprehensive search to identify relevant literature in accordance with published guidelines and a prespecified protocol. Two reviewers independently identified, selected, and abstracted data from articles to avoid potential biases. We considered studies published in any language. In addition, we were able to confirm data from some of the primary authors.
The quality of the primary studies inherently limits the conclusions that can be drawn from this review. Thus, the review serves to efficiently summarize past studies, but is not definitive as to what risks should be quoted to women with CKD. Confounding factors that may distort the association between CKD and adverse pregnancy outcomes were not addressed in six studies (7, 12, 21, 23, 24, 26) and were inadequately addressed in the remaining studies. Studies that included multiple pregnancies within the same women did not describe statistical techniques to account for correlated observations (8, 12, 21, 22, 24) .
Often studies were retrospective and used administrative data where there was a possibility of misclassification, surveillance, selection, and ascertainment bias (2, 19) . Only one of the included studies reported loss to follow-up (25) . Also, although one would expect a dose-response relationship with worse pregnancy outcomes in more advanced CKD (30, 31) , this was not considered in most prior studies. CKD was defined using different criteria in the included studies. Only one study used the modern classification of CKD (25) . Other studies used serum creatinine and/or proteinuria, 24-hour creatinine clearance, and kidney biopsy to define their population of interest (8,12,20 -27) and two studies used medical coding (2, 19) . One of the studies did not explicitly define the criteria for inclusion (7). (24), accelerated hypertension, edema, or hypoalbuminemia (12), ICD-9 medical coding (19) , onset of pre-eclampsia before 30 weeks of gestation and proteinuria at 6 weeks postpartum (23), a composite of pre-eclampsia, eclampsia, and abruptio placenta (2), pre-eclampsia defined as appearance of hypertension with systolic blood pressure Ն140 mmHg or diastolic Ն90 mmHg with proteinuria Ն300 mg/24 h after 20 weeks of gestation (25) .
b Premature births defined as Ͻ34 weeks of gestation (12, 24) , Ͻ36
weeks of gestation (8) , and Ͻ37 weeks of gestation (19, 20, 22) at the time of childbirth.
c SGA defined as birth weight lower than the 10th percentile (12) , and birth weight below 10th percentile according to Italian birth weight references (25) .
d
Neonatal mortality defined as neonate death within 7 days of birth (20) ; infant death within 28 days of birth (19) .
e Stillbirths defined as fetal death (27) , fetal death occurring beyond 28 weeks of gestation (22) , death of fetus in utero past 20 weeks of gestation (20) .
f Low birth weight defined as Ͻ2500-g birth weight (24) , defined as below the 10th percentile for gender and gestational age (20) .
g
Outcomes not defined in primary article.
Another limitation of the included studies is that women were not completely free of the outcomes of interest before becoming pregnant. According to the International Society for the Study of Hypertension in Pregnancy (ISSHP), a research definition of pre-eclampsia is newly diagnosed hypertension after 20 weeks of pregnancy with well documented proteinuria (32). Many of the women included in the studies had hypertension or proteinuria before pregnancy (2, 8, 12, 19, 22, 24, 26, 27) . Finally, in addition to comparing maternal and fetal outcomes between women with and without CKD, there is a clear need to compare maternal outcomes of CKD progression in women with CKD who do and do not become pregnant. The latter information is also central to informing the pregnancy choices of women with CKD.
Given the potential for risk, women with CKD who wish to become pregnant should have preconception counseling and antenatal care with a multidisciplinary "high-risk pregnancy" team. This review summarizes key published information on the estimated risk of adverse maternal and fetal outcomes in women with CKD compared with women without CKD. This review is an efficient way for clinicians to become aware of the current published literature and to understand the limitations of available literature. They can integrate the information with their clinical expertise when counseling women with CKD about pregnancy. The results of this review provide a foundation for future studies to better characterize the risks.
Conclusions
This systematic review of observational studies highlights a higher risk of adverse maternal and fetal outcomes in women with CKD compared with women without CKD. However, well designed and methodologically rigorous studies are needed to better estimate the magnitude of this risk. Such studies could provide important insights into ways of counseling women with CKD. In the meantime, it would be rational to use the findings of our review to design such robust studies.
